Introduction
In this series of publications we have reported on structures of complexes formed between linear oligoethers and cations as well as thiourea [1] [2] [3] [4] [5] [6] . It has been found that individual 1:1 units occur in which the ligands are wrapped around the cations in circular [1] , helical [2, 3] or spherical [4] mode and in one 1:2 complex, the ligand adopted an S-shaped configuration with each S-loop occupied by one cation [5] . In general, all of the heteroatoms of a ligand are coordinated with the cation, and therefore the arrangement of the ligand on the coordination sphere of a cation is dependent on the ionic radius of the latter and on the length of the former. Since the configuration of the ligand is strongly correlated * Reprint requests to Prof. Dr. W. Saenger. 0340-5087/80/0300-0307/$ 01.00/0 with binding to the cation, it was of interest to study the structure of an uncomplexed ligand as well as of its cation-complex. In the present contribution, the X-ray crystal structures of a free ligand, 1.11-bis-(2-acetylaminophenoxy)-3.6.9-trioxaundecane (1) and of its 1:1 complex with KSCN [7] will be described ( Fig. 1 ).
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geometry of the loops is reminicent of the situations found in circular crown ethers. Because intermolecular packing forces in the crystal structure of 1 are only of the van der Waals type, the molecule exists probably in its lowest energy state and we may conclude that the S-like configurations prevails as a statistically significant population, if 1 is in solution. What happens then, if a cation approaches and binds to the ligand '!
In that case the ligand abandons its S-like configuration and wraps around the cation in a helical form (Figures 4, 5) . One may assume that K+ first recognizes one loop of the ligand, binds to it and induces a conformational change to allow coordination of K + by as many as possible hetero atoms.
The conformational change is best seen, if torsion angles in the oligoether chain of uncomplexed and complexed 1 are compared, Fig. 1 . In the two crystallographically independent complexes IA • KSCN • H20 and IB • KSCN, again all torsion angles are in the usual ranges. If, however, the signs of the gauche torsion angles are compared with those in uncomplexed 1, it is observed that some have changed sign while trans angles remain trans. This finding indicates that the main flexibility of oligoether chains resides in the ethyleneglycol C-C bonds as described in [10] for a series of linear polyether complexes. Apart from torsion angles, the general bond distances and angles geometries in the complexed ligand are as in uncomplexed 1.
In both complexes, K+ is sevenfold coordinated and the oligoether chains wrap around the K+ cation such that only four of the five oxygen atoms are bound, the remaining K+---0(6) distance being > 4 A (Fig. 4) . Each of the two sets of four K+ ••• 0 interactions is coplanar with a fifth oxygen atom donated by the acetyl group of a neighbouring molecule. It appears that this arrangement constitues the equatorial zone of the coordination spere of K+ and that the polar zones bind SCN anions, water molecules W and acetyl oxygen atoms 0(23) [4, 5, 10] occupied by the acetyl oxygen of a symmetry related ligand molecule while in the other polar zone in 1A, a water molecule W is bound (which is hydrogen bonded to SON -). In IB, the cation is linked with the nitrogen of SON -which is further hydrogen bonded to N(3) at a N(3)--NCS distance of 3.082 Ä, i.e. the SON" anion is bound both by coordination to K+ and by hydrogen bonding to ligand 1.
It is noteworthy that in this crystal structure, ligand 1A wraps its oligoether chain around one cation and binds its two acetyl groups to two other cations, both belonging to molecules 1B in symmetry related positions, and vice versa. This coordination scheme extends throughout the crystal lattice, leading to a polymeric structure, Fig. 6 . In all the other complexes between cations and linear oligoethers which we have investigated thus far, only individual 1:1 or 1:2 complex units were formed. This unusual behaviour of ligand 1 appears to be due to the particular orientation of the acetyl oxygen atoms which are directed "away" from the oligoether chain of the ligand. Obviously, the C( Further, the N-H and 0=0 bonds have to be antiparallel as observed in peptide groups, thus limiting rotations about the C-N bonds. For both reasons, the keto oxygens cannot be coordinated mimmolecularly to a cation already in contact with the oligoether chain.
As demonstrated in Figs. 5 and 6, the 2-acetylamino-and phenoxy-groups of adjacent ligand molecules are stacked in antiparallel mode, thus contributing to the stability of the polymeric structure. It is clear, however, from the crystal packing of uncomplexed 1 that such interactions cannot be a dominating factor in intermolecular association, because antiparallel stacking of these groups was not observed for 1. Another point of interest concerns the binding of the anion SCN~ to K + . In complex 1A • KSCN • H2O, this interaction is mediated by a water molecule while it is direct in IB-KSCN and enhanced by the N(3)-H-NCShydrogen bond. Since there is no obvious reason for these different binding modes, we attribute them to crystal packing requirements. On the other hand the two coordination schemes suggest that binding of ligands 1 in the equatorial zone of the coordination sphere of K + is rather defined while it is more flexible in the polar zones.
Complex formation of 1 with NaC104 has been studied by 23 Na-NMR techniques [11] In their interpretation, the authors assumed 1 to wrap around Na + in a helical mode utilizing all seven oxygen atoms for coordination, i.e. formation of a true 1:1 complex.
On the basis of this X-ray study, however, we know that this picture is oversimplified. At very low concentrations, 1 could behave like a penta-or tetradentate ligand utilizing the oxygen atoms of the oligoether chain. At higher concentrations in the range usually applied for NMR investigations, oligoand polymerization might take place, a process which is accompanied by large negative entropy changes. Because the observed entropy change A S/°, for complex formation of 1 • NaC104, is in fact more negative than expected for 1:1 complexes, we conclude that the polymeric structure found in this X-ray crystal study is not exclusively due to crystal packing requirements but reflects the structure of the complex occurring in solution.
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